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Introduction
The role of economic growth and income distribution is a key field of Economics and since Schumpeter has been linked to innovation dynamics. In a macroeconomic perspective there are key challenges with respect to taxation and innovation policy as well as with respect to the general framework conditions for economic agents; the size of innovation activities and of the research and development sector, respectively, is a key issue for industrialized societies. So far it is rather unclear how economic growth, innovation and factor income shares are linked with each other although standard concepts of production functions lend themselves as a natural starting point. The book of Thomas Piketty on Capitalism in the 21st Century has raised new interest in these issues, particularly since Piketty provides new historical statistics on medium and long-term changes in the capital income share in industrialized countries. The subsequent contribution sheds new theoretical light on the issues above.
Modern growth theory has brought interesting insights into the nature of innovation and growth; with innovation often associated with a rise in the number of product varieties that are used as intermediate products. Modern growth approaches are largely organized within the framework of complex growth models on the basis of a very specific utility function (e.g. AGHION/HOWITT, 2009), namely infinitely-lived households with a rate of time preference  -discount factor V'= 1/(1+) -and an isoelastic utility function where utility U depends on consumption C: Hence the function is U(C)= (Cexp(1-) -1)/(1-); here the crucial intertemporal elasticity of substitution is :=1/>0 where (with t denoting the time index) the relevant Euler equation becomes -(dC/dt)/C = -r (r is the real interest rate); or equivalently, if C(t) is growing at the constant rate g we have real interest rate r =  + g: The equilibrium real interest rate must increase by  percentage points for a one percentage point rise in the growth rate; or the equation can be restated as g = (r-); in the context of a ROMER model -with  denoting a productivity parameter in the research sector where product varieties are developed that feed into output (where an output parameter ">0; L is the size the workforce) one gets for the growth rate (g) the expression g = ("L -)/("+) (for a summary analysis see AGHION/HOWITT, 2009, pp. 74-76) . In this approach, the size of the respective country, as proxied by the labor force L, plays a role for the growth rate, which is not very plausible in view of empirical findings (JONES, 1995) ; and the recent debate about key macroeconomic issues also raises new questions (WELFENS, 2014).
The more traditional neoclassical growth model, however, has been rather neglected, although it can still be a very useful workhorse for important analytical issues (WELFENS, 2011); a modified growth model of SOLOW (1957) on the basis of a Cobb-Douglas production function and a particular new progress function will subsequently be combined with a new bias in technology that might be of particular relevance to a modern reality that has been characterized by a rising share of capital income in OECD countries (PIKETTY, 2014) .
In his book "Capitalism in the 21st Century", Thomas Piketty has emphasized that the CobbDouglas production function has become popular in Economics text books; the basic version of that function is Y=K ß L (1-ß) where Y is output, K capital and L labor, while ß is the output elasticity of capital; it can be shown that under competition in goods and factor markets ß (0<ß<1) is equal to the income share of capital while 1-ß is, of course, the income share of labor. In principle the exponent for labor could be smaller or larger than 1-ß, but then the income shares of both input factors would no longer sum up to unity which is inconsistent unless we give the assumptions of competition in goods markets and labor markets plus profit maximization. The CES production function is, of course, more variable in terms of factor income results (and also is more useful than the CD function when it comes to empirical implementation in the context of an augmented function with knowledge as an input), but it is also a bit more complex. Moreover, one can consider a wider range of input factors, e.g. in addition to K and L one may consider energy E, knowledge A or land V; Piketty's analysis, for example, has emphasized the role of land in a historical perspective of the 19th century. With respect to France, Piketty shows (Figure 6.8) that the capital share in national income in 1900-2010 has considerably reduced in the 1910s, in the 1930s -after the Great Depression -and in the 1940s. In 1950 the share had recovered and slightly exceeded 25%, but it decreased in the decade after the oil price shock of the 1970s and then increased again in the period 1990-2010 -in the beginning of the digital economy agewhen it reached a peak of almost 30 percent.
Piketty writes under the implicit assumption that the output elasticity of a Cobb-Douglas production function is constant (pp. Indeed the following new approach, with a more flexible Cobb-Douglas production function whose output elasticity of capital is a function of the size of the R&D sector, will allow for structural changes in the production function and thus one can test to what extent the R&D activities and innovation dynamics, respectively, cause a bias in favor of capital income. From a theoretical perspective, one may argue that the goodwill of firms, being part of capital broadly defined, should indeed reflect the innovation performance and reputation of the respective firm, respectively: if the relative size of the R&D sector is rising, the goodwill of firms should increase, the immaterial capital -in real terms -will thus increase which amounts to saying that there is Solow-neutral technological progress; alternatively, one could argue that the output elasticity of physical capital has increased, namely to the extent that a higher goodwill indicates that the existing physical stock of capital is used in a more productive way; and with the output elasticity of the capital stock rising the marginal product of capital K is increasing. Traditionally, technological progress has been classified in various ways, for example embodied vs. disembodied, Solow-neutral, Hicks-neutral or Harrod-neutral, the latter will to some extent be picked up here: Knowledge expansion occurs in such a way that it amounts to an effective rise of labor input (Solow neutrality, by contrast, means that technological progress is capital enhancing and Hicks neutrality means that the expansion of knowledge (A) amounts to a proportionate rise of both labor (L) and capital (K). The subsequent bias considered is such that R&D activities raise knowledge in a labor-augmenting way, while at the same time increasing the output elasticity of capital and reducing the output elasticity of labor; in the context of the new Cobb-Douglas function suggested, this implies -assuming competition in labor and goods markets -that the income share of capital will increase and that of labor reduce. In the context of both a closed economy and an open economy there are further important implications.
The modifications suggested to the traditional growth analysis are rather modest at first glance, but there are powerful implications. The progress function used is not derived from a microeconomic optimization calculus, but it is obvisouly in line with some stylized facts observed in industrialized countries, including newly industrialized countries. It should be emphasized at this point that research & development activities of firms are considered here as an intermediate input, not as final output (as in the recent regime change of the UN System of National Accounts).
A key insight from the simple new model is that one can determine the golden rule in a new way -the rule had initially been established by PHELPS (1961) and VON WEIZSÄCKER (1962) and indicates a steady state of per-capita-capital accumulation which will bring about a maximization of consumption per capita in a closed economy.
Stylized Facts: Capital Income, Gini Coefficients, R&D-GDP Ratios and Technological Progress Rate
The following tables show that international developments are by no way uniform in the critical fields of income inequality and innovation dynamics. One can, however, not overlook the fact that the Gini coefficient in the US has clearly increased over the long run. As regards the role of R&D services imported from abroad, France and Japan, as well as Slovenia, show a strong decline between the mid-1990s and the mid-2000s, while Finland indicates a strong increase that may be interpreted as the ability to absorb global technological progress rather effectively. The same applies to the US, Norway, Poland and Korea. Germany and the Netherlands stand for a rather stable performance in this respect. One may emphasize that there is technoglobalization -rising internationalization of the R&D process in leading firms -over the long run, but there is a stagnation of that process in the first decade of the twenty first century (LAURENS ET AL., 2015; JUNGMITTAG, 2015).
As regards the capital income share between 1995 and 2005, it has increased in many countries (Tab. 1); it is very high in Mexico, but for this particular finding several country-specific elements are likely to play a role. In Greece, as in the Czech Republic and Lithuania, the income share of capital has declined, where economic opening up in eastern Europe and the effects of EU membership -bringing more competition -might have contributed to that development in the two eastern European countries. To what extent more innovation could explain the rise of the capital income share observed in most countries is unclear and so far there is no analytical framework for the necessary empirical analysis. It should be emphasized that the capital income share can change if the structure of the population is changing: e.g. if the number of selfemployed farmers declines over time -with most former farmers finding a new job as an employee or worker -the share of capital income will decline for structural reasons; figures in Table 1 do not take account of this, howevr it is well known from figures, for example in relation to for Germany or France, that such long run structural effects should not be neglected in empirical analysis. Nevertheless, the capital income share is rising for most countries shown and there also is a rise of the Gini coefficient (Tab. 2).
As regards technological progress, there are some indications from input output analysis that internationalization of the R&D process plays a role (Tab. 3) as there is a rise of imported R&D services; here Italy is almost an outlier -the share of R&D services imported to Italy has declined over time and this -along with a very low ratio of foreign direct investment inflows relative to GDP -could be part and parcel of the weak growth performance of the country. The additional tables all indicate the rising role of research and development in industrialized countries and many newly industrialized countries. With respect to technological progress as covered by total sector productivity growth (Tab. 7), there are considerable international differences -part of such differences should obviously be explained by cross-country differences in R&D activities and innovation efficiency (the latter partly related to the national innovation system). The links between innovation dynamics -and R&D activities on the input side -and economic growth and factor income shares should be explained in an adequate analytical framework. In the subsequent analysis, the new model is presented first, while the final section offers some important policy conclusions and perspectives for further research.
New Quasi-Endogenous Growth Model With Biased
Technological Progress
The subsequent approach will consider a model in which part of workers are active in the research and development sector (R&D) and thus contribute to raising the growth rate of knowledge. It is, however, useful to first establish a simple analytical benchmark.
Thus let us start the analysis with an economy without any technological progress and capital depreciation rate ; output Y is given in the subsequent full employment model by the following production function (with 0<ß<1; for the income tax rate  it holds 0<<1):
Labor is assumed to be given, knowledge growth at a constant exogenous growth rate (a) and the savings function is S = s(1-)Y so that imposing the equilibrium condition for the goods market S/(AL) = ((dK/dt) + K)/(AL) yields the steady state value for the capital stock per unit of labor in efficiency unity (k':=K/(AL)):
This serves as a useful benchmark in the subsequent analysis (# denotes the steady state).
Next let us modify the analysis by considering a technological progress function that first was suggested by KALDOR (1957) as a simple concept for analyzing the expansion of knowledge over time. The function suggested subsequently is straightforward as it is assumed that the growth rate of knowledge (a) is enhanced by the share of workers (ß') working in R&D firms, at the same time the hypothesis is stated that ß'>0 raises the output elasticity of capital so that the new elasticity is ß+ß"ß (with ß">0) and hence the output elasticity of labor -and the respective income share -is reduced to 1-ß-ß"ß'; it will be assumed that 0< ß+ß"ß'< 1. The new production function -assuming that a share of ß' workers is used in R&D activities -thus is given by:
(1")
An obvious implication is that the income share of capital will rise in a competitive setting, namely with goods and factor market in equilibrium, so that profit maximization implies that the income share of capital is equal to the output elasticity ß+ß"ß. This could be a new explanation for the rise of inequality in industrialized countries as emphasized by PIKETTY (2014) and others (incidentally, one could also consider that part of the capital stock is used for R&D activities which then stands for a different new bias in technology).
The simple progress function suggested here assumes that there is a depreciation rate ' while the rise of the progress rate is described by a term in which ß' appears, as well as an effectiveness parameter ' and an innovation efficiency parameter v; note that in an open economy ' might be decomposed into a domestic parater  plus an additional term ' * where * is the share of capital owned by foreign investors (the parameter '>0), but in the presence of cumulated FDI inflows the savings function has to be adjusted (see WELFENS, 2011) . In the simple economy considered here, the progress function is stated as follows (with 0<v<1, '>0, ">0; t is the time index):
The solution of this Bernoullian differential equation is given by the following term for the steady state value a#:
Here it will be assumed that the convergence to the steady state value is sufficiently high so that we can asymptotically use our (modified) standard steady state solution for the differential equation for k', namely k'# = (s(1-)(1-ß') 1-ß-ß"ß' /(a+) 1/(1-ß-ß"ß') . The traditional differential equation with a savings function S=s(1-)Y can be stated for k':= K/(AL) -where AL is labor in efficiency units -as dk'/dt= s(1-)k' ß -(a+)k'. In the new setup the exponent for k' is greater than ß and there is an additional term in the savings function which indicates that part of labor is devoted not to the production of final output, rather a share of workers ß' is used to conduct R&D.
If the steady state solution is to result in a maximization of per capita income (C/L) and C/(AL), respectively, the standard golden age condition requires that the marginal product of capital be equal to a+. However, in the new model setup we have S = s(1-)Y. Maximization of C/(AL) in the steady state requires one to consider C/(AL) = y'(k') -(a+)k' -G/(AL); we can replace G/(AL) by γy, where γ:= G/Y. Therefore C/(AL) = (1-)y'(k') -(a+)k'; a balanced budget has been assumed here so that γ = . Hence one must have in the new model setup that (1- -v) . To avoid tedious calculus we consider the simple case of =0 so that we have:
Assuming  to be small so that ln(1-) - we get:
For lnk'# and k'#, respectively, we have the analogy to the traditional steady state solution:
Taking logs, while taking into account the approximization ln(1-ß') -ß' and ln(1-) - and the equation (4) for a#, we get:
Inserting k' and lnk'#, respectively (from equation (7)), one may now determine the optimum size of the R&D sector, namely determine ß' which maximizes C/L and C/(AL), respectively:
Thus we have an implicit solution for the optimum size of the R&D sector which reflects an interesting trade-off:
 The higher ß' is, the lower the production of current real output is -as less workers are employed in production of final output.
 The higher ß' is, the higher the progress rate in the long run is; in the steady state (with A0 standing for the initial level of knowledge; e' is the Euler number) we have A(t)=A0exp[("ß'/') 1/(1-v) t] and therefore: lnA(t) = lnA0 + ("ß'/') 1/(1-v) t.
Thus, an economy which switches from being an economy with no R&D sector and zero technological progress towards an economy with an R&D sector will experience an instantaneous initial decline of output -as part of the labor force shifts to the new R&D sectorbut will face a higher growth rate of output in the steady state. If politicians and voters, respectively, are not extremely myopic, then the opportunity to introduce an R&D sector will be realized by the political system (this conjecture does not mean to overlook the reality that the R&D sector will need skilled workers and education investment, respectively, and skilled workers might be less likely than unskilled workers to accept an authoritarian system so that certain political systems might indeed shy away from innovation -only to find out that competing societies, with a rapid expansion of knowledge, will start to dominate the backward economy and political system in due time).
The optimal ß´ is given by the expression (for derivation see appendix):
The optimum ß' is the negative function of the savings function and not a function of the income tax rate. The impact of the R&D efficiency parameter ß" is ambiguous. This holds particularly if one would additionally take into account that government R&D promotion programmes in reality are typically linked to ß", so that via the government budget constraint indeed the income tax rate is indeed also linked to ß" (or possibly ß" 2 ).
As regards the overall economic significance of ß', it is fairly obvious that the steady state solution for y' indeed implies an interesting trade-off with respect to the impact of ß' on the level of the growth path (where we take logs, while taking into account that y':=Y/(AL) = k'ß+ß'ß"; the approximization ln(1-ß')  -ß' and ln(1-)   is used; v":= 1/(1-v)):
The squared-bracked term is positive (assuming that y'#>1) and the term ((ß+ß"ß)/(1-ß-ß"ß') can be rewritten as 1/((1/) -1) where :=ß+ß"ß' so that ß' has a negative impact via the first right-hand term -ß' (the fact that part of workers are active in R&D) and via -v"lnß'. The third element containing ß' has a positive impact on lny' so that there is a true trade-off of the size of the R&D sector. As regards changes in the capital income share, the two additional elements ß" and ß' stand for two new potential impulses explaining a share of capital income over time. Here empirical research is needed. This basic idea could, of course, also be implemented in a CES production function. Whether or not the expansion of the ICT sector is a major driver that has raised the parameter ß" and ß' -or reduced v -is of particular interest for future empirical research.
If one takes a look at lny (y is per captia income), the initial development of the economy would be described by the line ABC (Fig. 1) . If in t' a rise of the R&D sector occurs, the level of the growth path will decline (see point B`) while the new growth rate of per capita income will increase as shown in the line B`DE. In welfare analysis, there will be some point in time t" at which the discounted income gain from higher growth has exceeded the transitory decline of per capita income that has occurred at point t'.
Figure 1: Rise of the R&D Sector in the Quasi-Neoclassical Growth Model
For policy makers, innovation dynamics that are linked to a change of capital income are a serious challenge if there is a rising global innovation race. It is not an attractive idea to reduce the size of the R&D sector as a means to reduce income inequality and to prevent a rise of the capital income share. Rather, new forms of participation of workers in company equity capital could be considered -here the US, the UK, Sweden and the Netherlands have been active for many years.
Policy Conclusions
The analysis presented here has developed a simple model in which the size of the R&D sector affects the output elasticity of capital positively; and therefore, in the context of a Cobb-Douglas production function, implies that the share of capital income in real gross domestic product will also increase. In the parsimonious model setup, the basic ingredients are a macroeconomic production function in which only a share of 1-ß' of workers are producing final output while ß' is the share of workers active in the R&D sector. R&D activities can raise the growth rate of knowledge according to a simple progress function in which a productivity parameter ", as well as an innovation efficiency parameter v, determine the speed of knowledge accumulation (except for the depreciation rate '). The implication is that a modified neoclassical growth model can explain not only a higher income inequality in a more innovative society -namely the rise of the income share of capital in GDP -but that in the context of a golden rule analysis one can also derive the optimum size of the R&D sector.
The analysis suggests that policy makers should carefully consider the golden rule implications for two main reasons:
 If the capital intensity k' is lower than k' gold , society will have produced more machinery and equipment than is optimal and this means that there are welfare losses in the form of non-optimum per capita consumption or foregone leisure.
 Moreover, an excessive capital intensity implies additional welfare losses through higher emissions from the production of machinery and equipment (and from running the excess machinery in a more comprehensive modeling approach that takes into account energy as an input in the production function).
While modern endogenous growth theory has generated many new ideas, the model suggests strange results in a setting with a negative real interest rate, since the basic model implies negative growth rates of output and consumption, respectively. For specific parameter settings, the neoclassical growth model is equivalent to the modern growth theory. The advantage of a suitably modified neoclassical growth model is that it allows to easily accommodate a broad range of issues and problems in a simple way, in order to show critical implications in a straightforward way.
There are crucial implications of the model presented if one can decompose the efficiency parameter of the R&D sector, namely ", into a domestic component () and an element that is related to cumulated foreign direct investment inflows and the share of such inflows in the total capital stock, respectively. Moreover, one may also assume that the intensity of imported intermediate products plays a role (e.g. specifying that " =  + j"j' + '* where j' is the ratio of imported intermediate inputs to real GDP and j" is a positive parameter). With respect to the envisaged Transatlantic Trade and Investment Partnership (TTIP) between the USA and the European Union, one should clearly look not only into the trade dynamics in the context of broad trade liberalization but also into the implications for foreign direct investment dynamics and innovation (WELFENS/IRAWAN, 2014a; 2014b, have shown that there is a positive link between US foreign direct inflows into the EU and the innovation performance index as measured by the European Commission). Moreover, the progress function may have an international spillover element so that a* will contribute to raising the progress rate a -not much is known about such transatlantic knowledge spillover and it is also rather opaque how a more consistent 21 transatlantic regulatory environment, difficult to achieve given the independence of US political regulators in many fields, could affect international investment and innovation dynamics.
There is a need for empirical research and also for refinements of the neoclassical growth model suggested. Basically, real money balances can be considered in the production function (see WELFENS, 2011) and the role of cumulated foreign direct investment -concerning both inward flows and outward flows -could be included into a more complex and more realistic approach.
The new ideas presented here lend themselves to rather easy testing, particularly if one wants to look at the link between the growth rate of total factor producitivity growth and the various critical variables emphasized here; thus the Kaldorian progress function might face a crucial revival.
One may point out here that the golden rule issue, in the context of choosing the optimum size of the R&D sector, raises some further issues that are not covered here but require future new research. One interesting question is the role of the tax rate and the government budget, respectively. In a simple setup without, debt the government budget constraint requires that government real expenditures G is equal to the tax revenue Y. A realistic R&D sector may be analyzed with a more complex framework that should include the role of government R&D promotion expenditures (G' as opposed to government consumption G"; G:= G'+G").
Hence, in a broader analytical framework, government has a role in knowledge generation, at the same time one should consider a complex tax optimization issue. If production of output is associated with emissions that contribute to global warming, one may argue that it would be adequate to adopt an income tax rate that is sufficient to cover the administration cost of government and internalizes the negative external effects from production. However, if R&D activities have positive external effects it would also be adequate that government subsidizes to a certain extent R&D activities; the relevant income tax rate has to be determined within a modified budget constraint, namely (with ':=G'/Y and ":=G"/Y) that V"ß'Y + "Y = fY; here V" is a government R&D efficiency parameter in R&D promotion and f stands for an emission intensity parameter. Obviously, '= V"ß' and hence we have f = V"ß' + ", so that the endogenous nature of the income tax rate would have to be considered as an additional analytical challenge. The savings function would have to be modified adequately and the analysis becomes more complex. However, there are clear perspectives to gain further insights and also to face the problem that the golden rule ß' is not necessarily compatible with the optimum income tax rate in the sense that the income tax rate internalizes negative external effects of production while allowing to also finance the necessary public administration cost (a VAT tax rate thus might have to be considered additionally). Hence a rich menu of research extensions in a Schumpeterian spirit can be suggested.
At the bottom line, the approach presented suggests a new and interesting way to make the Cobb-Douglas production function richer and more realistic, namely in the context of an R&D sector that draws on labor as input for new knowledge. While the technological progress function is rather simple in its construction, the steady state solution of the progress rate nevertheless has four key parameters so that some key elements of reality are obviously covered. Future research should consider an explicit microeconomic underpinning for the technological progress function and, naturally, empirical analysis will also be crucial to get a clear view how of realistic and relevant the proposed theoretical innovations are. In an open economy, international R&D spillover effects could be of particular interest and, in combination with foreign direct investment, a rich array of analytical challenges will have to be faced. As 22 emphasized in WELFENS (2011) and WELFENS (2013), foreign direct investment can indeed be included in macroeconomic models as well as growth models, so that future additional research steps should be rather straightforward to implement. In a world economy with economic globalization, the open economy perspectives could indeed generate high marginal benefits of analytical progress in growth and innovation analysis.
As regards the Golden Rule requirement that the savings rate should be equal to the output elasticity of capital -or the capital income share (in an economy with competition in goods markets and input markets -one should point out a practical problem in terms of measurement of the savings ratio; looking at the World Bank's broadly defined adjusted savings rate -which includes expenditures on education and substracts depreciation of natural resources -and the standard savings rate, one finds considerable differences (as is shown in the appendix: without taxation it holds that if the capital intensity exceeds k gold the real interest rate is smaller than the growth rate of output). To the extent that one wants to assess fulfillment of the golden rule on the basis of the difference between the growth rate of output and the long term real interest rate one finds that the US, Japan and the UK are largely in line with the Golden Rule (see appendix 2) while France, China, Canada, India and Indonesia seem to violate the Golden Rule, defined here as the difference of real GDP growth and the real interest rate. In a relatively poor country, such as Indonesia and India, such violation of the Golden Rule can bring serious consequences for part of the population. To the extent that the capital stock per capita exceeds that which would be in line with the Golden Rule capital intensity -e.g. in China -the implication is not only underperformance of consumption per capita but excessive CO2 emissions as well. While the income tax rate could explain part of the difference between the real growth rate of grosss domestic product and the real interest rate, large swings in this difference over time (as e.g. in France) cannot be explained by income tax changes which are usually rather smooth; a positive income tax rate implies for the Golden Rule that the growth rate of output is smaller than the real interest rate. As regards measurement of the share of income capital, one should point out that the figures presented in Tab. 1 might not give a true picture of the inequality situation. If one would include capital gains on stocks owned by the group of capital income recipients as imputed income, the effective capital income share would clearly rise and a rather consistent positive correlation between the effective income share and the R&D-GDP ratio -as a proxy for the size of the R&D sector -could be shown. 
